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Abstract: 

NiO nanoparticles were prepared by PVA matrix method with an average grain size of 25-75 nm. 
The prepared NiO naoparticles were characterized by XRD (X-ray diffraction) , XRF (X-ray 
florescence), TEM (Transmission Electron Microscopy), FT-IR Spectroscopy and VSM. It is 
found that, calcination temperature effects widely on the grain size and other properties of NiO 
nanocrystals. The magnetic properties of these particles show significant variation such as 
increase in saturation magnetization, coercivity etc. with rise in calcination temperatures. But the 
band gap of the NiO nanoparticles decreases with the increase in calcinations temperatures. 
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Introduction: 

Like other transition metal oxides viz. MnO, FeO and CoO, NiO has attracted much attention in 
recent years for its catalytic, electronic and magnetic properties [1-3]. The Nano-structure is 
expected to possess many exciting properties than those of bulk NiO powder [4- 
7].Nanocrystalline NiO particle are much more effective catalysts than commercial NiO powder 
for catalytic reduction of carbon dioxide to methanol[8- 10] .Among all these Oxides , Nio exhibits 
many nanostructures nanosheet, nanoring, nanorods , ordering hexagonal mesostructures, and 
hollow sphere(ll-13) NiO is an important inorganic and in nature it occurs as mineral besenite 
having cubic rock salt (NaCl type) structure with a= 4.9 15 A and also it is available in two 
different form : pale apple green or jet black depending upon the stiocheometry. Nanocrystalline 
NiO has find application in electrochromic application eletrochromic coatings P-type transparent 
conducting films eltrochemical supercapacitor , -ve electrode of lithium ions batteries catalyst and 
antiferromagnetic materials. 

A number of preparation methods have been reported in literature namely, chemical liquid 
precipitation method, laser spray pyrolysis method , physical vapour method , Sol-gel method 
,Sputtering thermal decomposition method and many more. In this paper , we have reported 
synthesis of Nanocrystalline NiO using chemical liquid precipitation method in polyvinyl alcohol. 



Experimental details: 

0.1 M 10 ml water solution of Nickel nitrate hexahy dried [Ni(N03)2.6H20] (A) was prepared. 
10% wt. solution of Polyvinile alcohol in water (B) was prepared under constant stirring at 80°c 
temperature. Solution (A) was then added to solution (B) at room temperature at constant stirring 
for 15 min. The alkalinity of the reaction mixture was increased by adding drop by drop 
aqueous solution of 10 ml of NaOH (0.75 M) and a gel was produced and dried . Finally the 
dried gel was calcined at different temperatures in static air for different times. The black/brown 
powder obtained after calcination was washed first with hot water and then with cold water for 
several times and finally dried in an oven at 60°C for overnight. 
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In the present paper we studied the size, shape magnetic and morphological properties with the 
variation of calcination temperatures. We calcined the metal dispersed PVA gel at four different 
temperatures keeping all other conditions constant. 



All the chemicals used in this work are commercial grade, purchased from commercial market 
and used without further purification. Thus [Ni(N03)2.6H20] and sodium hydroxide (NaOH) 
were purchased from E. Merck (India). Polyvinyl alcohol (PVA Mol. Wt. =115000) was obtained 
from Loba Chemical (India). 



Results 



X- Ray diffraction (XRD): 

The XRD patterns of the prepared samples with different increasing calcination temperatures 
viz. 400°C ,500°C, 600°C 700°C respectively are obtained from Philips make (X'PERT PRO) 
diffractometer using CuK radiation (40 kV, 30 mA) and are shown in Fig.l. The diffractometer is 
calibrated with the standard silicon sample. The patterns show that the compound is 
poly crystalline in nature and the NiO (Hanawalt et. Al.,1938) phase is present. It is found that 
that the crystals are formed in cubic system with lattice parameters a=b=c =4.168 A which is in 
good agreement with those found (4.171 A) for the standard ( ICDD No. 01-1239). The peaks 
seem to be appreciably broad which indicate that the crystalline size of the NiO is in nano range. 
It has been found that as the calcinations temperature is increased, peaks are become more and 
more sharp with reduced broadening, which indicate the increase in grain size with increasing 
temperatures. Peaks are obtained at 37.473° , 43.510°, 63.261°, 75.446°, and 79.947° 20 values 
which are indexed as (111), (200), (220), (311) and (222) respectively. 



The particle sizes were calculated from the prominent peaks using Scherrer formula (14) 



D = 



(1) 



Where X is the wavelength of X-ray used, P is Full width at half maxima (FWHM) in radian and 
O is the half of the Bragg' s diffraction angle. 
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Table. 1 shows the variation of particle size of NiO Nanoparticle with the calcination 
temperatures. It is seen that as the calcination temperature increased, the particle size is also 
gradually increased which is due to the increase in crystallinity at high temperatures. It is 
interesting to see that at low temperatures ( 400°C, 500° C 600°c and 700°C), two peaks of Ni are 
also present in the diffractograms (Fig. 1). This is due to the fact that a small fraction of Nickel is 
not oxidised showing low intensity peaks of nickel ion at 44.49° and 51.87°. But as the 
temperature is increased these Nickel ions get oxidized and the corresponding peaks were 
vanished at 700°c calcinations temperature. 
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Fig. 1 XRD patterns of NiO Nanocrystalline particles at different annealing temperatures 



400°C(N1), 500°C(N2), 600°C(N3) & 700°C(N4) 



1.2. Lattice constant: 

The lattice parameter 'a' for cubic structure is determined using the following 

a = d (h 2 +k 2 +l 2 ) 172 (2) 

where 'd' is the perpendicular distance between the two consecutive planes in the atomic lattice 
and the (h k 1) are the miller indices. The lattice constants are calculated from the 
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Fig. 2 Nelson -Riley plot for lattice constant. 

peak of high intensities. There is a slight deviation of lattice parameter form the standard value 
due to the divergence of X-ray beam from the refraction and absorption of X-ray by the 
specimens etc. which involve a numbers of systematic errors in the measurement of '0' and 'd' 
values. Therefore the corrected value of lattice constants are estimated from the Nelson-Riley plot 
[17] which is plotted between the calculated 'a' for different planes and the error function 



" L sinB - - 



9 



(3) 



Extrapolating the graph, the point of intersection (0=90° ) with the y-axis is found out to be 
4.16A gives the corrected values lattice constant 6 a' as shown in fig 2. 



1 .3. Dislocation density(5) and microstrain( 0): I TL AhhhL 

The dislocation density (5) is calculated from the Williamsons and smallman's formula, 

(4) 



D 3 



Where 'n' is a factor which is equal to unity giving minimum dislocation density and 'D' is the 
average grain size. The calculated dislocation density is shown in Table 3. 



Micro strain(e) is obtained using the relation [16- 17] 
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Where 'P' is the full width at half maximum intensity and is the half of Bragg' s angle. The 
calculated values are shown in the Table 3. The values of microstrain and dislocation density 
decrease with the increase in calcination temperatures. 

Mcirostrain calculated for all the sample was found to be of the order of 10-3 because of that the 
W-H plot become parallel to the X -axis [16- 17]. 



Table. 1 Particle size of NiO nanoparicle at different annealing temperatures: 
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400 


31 
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600 


39 


0.657 


2.005 






700 


62 


1 0.2601 


1.472 



3. TEM: 

The HRTEM image (Fig. 4a) of the synthesized nanoparticles are taken in a Jeol JEM 2100 
200Kv shows that the particles are uniformly cubic in shape and but the size distribution is non- 
uniform. It is also found that particle size increases with the increase in calcination temperatures. 
It is expected that higher calcination temperature will increase the particle size due to sintering of 
the small particles into larger particles. This type of aggregation occurs at higher temperature in 
order to minimize the high surface energy. The average crystallite size of the NiO nano particles 
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obtained by TEM analysis are compared with those obtained from XRD analysis (Table 2.). The 
interplanar spacing (d-value) also obtained from TEM analysis which was found to be the order 
of 0.200 nm. The d-value calculated from XRD is found to be the order of 0.207 nm from the 
indexed plane (2 0). Both d-values are in the same range which is expected. Selected area 
diffraction pattern (SEAD) shows the polycrystalline nature of the prepared NiO nanoparticle 
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Fig4b. 



Table.2 
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Fig.4(a) 



Fig.4(b) 



Fig.4 TEM Images of sample N4 (a) particle size (b) lattice plane & SEAD 
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5.FT-IR: 

Broad absorption peak at 3430cm" 1 is obtained due to O-H stretching vibrations of moisture . The 
sharp peak at 2673 cm" 1 is due atmospheric 0=C=0 Stretching of air.The strong band at 
460cm" 1 indicates the presence of O- Ni-O bond. 



Magnetic properties: 

Fig.7 shows the typical magnetization curves and hysteresis loops for the synthesized metal oxide 
nanoparticles. The observed value of saturation magnetization (Ms) for N4 is 58.9 X 10" emu/g 
which is much lower than that of the reported Ms value of the multi-domain bulk NiO. The 
decrease in Ms occurs due to decrease in magnetic moment which is in turn decreases at low 
particle size [18]. This can be attributed to the surface contribution, surface defects, stoichiometry 
deviation [19]. The saturation magnetization values for the samples Nl, N2 and N3 are found to 
be 17 X103 emu/g 45X10" 3 emu and 54.7X10" 3 emu/g respectively which are much lower than 
those values obtained theoretically for the bulk. Value of coercivity for Nl , N2, N3 and N4 are 
167.04 G, 141G, 218G and 285G respectively. This anomalous magnetic behaviour may be due to 
different crystal anisotropy and shape anisotropy [23]. high coercivity shows the well magnetic 
behavior. 
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Fig.7(b) 
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Fig.7© fig.7(d) 
Fig. 9 M-H Curve for NiO at different calcinations temperature (a) 400°C (b) 500°C (C) 600°C and (d) 700°c 



Conclusion: 




The XRD Spectra shows the nanocrystalline pattern of NiO. The grain size varies form 25 nm to 
75nm with the varying calcination temperature . But the variation of band gap with the variation 
of calcination temperatures viz. 400°, 500°, 600° 700°C are found to be increased from 4.91 eV to 
4.95 eV . The XRD, XRF and FT-IR spectra show the well formation of NiO particles. From the 
Study of M-H Curve it has been found that Saturation magnetic field increases from 17 XI 03, 
45X10" 3 , 54.7X10" 3 and 58.9 X 10" 3 and corricivity varies from are 167.04 G, 141G, 218G and 
285G with the calcinations temperature increases from 400° ,500°, 600° 700°C respectively. 
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